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(57) Abstract 

A simulator for a distributed process control system utilizes a simulator station as an interface between a plant modeling computer 
and an instrumentation and control system which uses actual distributed processing units (DPUs) running actual process control software. 
The simulator station memory maps sensor signals received from the plant modeling computer through reflective memoiy directly to a 
memory-mapped input/output (I/O) interface of each DPU at the scan rate, or a multiple of the scan rate, of the DPU, and provides the 
control signals generated by the DPUs to the plant modeling computer at the same rates. A data highway such as in the actual system 
provides communications between the DPUs and between the DPUs and operator stations, (and potentially other man-machine interface 
stations) which provide operator signals used by the DPUs. The simulator station is also connected to the operator stadons by the data 
highway for receiving the operator signals which can include signals controlling simulator operation. 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCX on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Armenia 


FI 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


SN 


Senegal 


AU 


Australia 


GA 


Gabon 


LV 


Latvia 


sz 


Swaziland 


AZ 


AzertMiijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


Republic of Moldova 


TG 


Togo 


BB 

BE 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BF 


Burkina Faso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BG 


Bulgaria 


HU 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


VA 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


uz 


Uzbekistan 


CF 


Central African Republic 


JP 


Japan 


NE 


Niger 


VN 


Viet Nam 


CG 


Congo 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


Norway 


zw 


Zimbabwe 


CI 


CAte d'lvoire 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


PT 


Pomigal 






CU 


Cuba 


KZ 


Kazakstan 


RO 


Romania 






CZ 


Czech Republic 


LC 


Saint Lucia 


RU 


Russian Federation 






DE 


Germany 


U 


Liechtenstein 


SD 


Sudan 






DK 


Denrnaik 


LK 


Sri Lanka 


S£ 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Singapore 







wo 97/38362 



PCT/US97/05259 



A STIMULATED SIMULATOR FOR A DISTRIBUTED 
PROCESS CONTROL SYSTEM 

BACKGROUMn OF THE INVFNTTON 

Field of the Invention 

This invention relates to simulators for simulating operation of a 
distributed process control system. 
Backgromd Infgrmation 

Distributed process control systems are becoming commonly used for 
control of complex processes including, but in no way limited to, processes in the 
energy, metals, and water/waste water fields. The energy segment includes both 
nuclear and non-nuclear power generation process control and plant computer 
applications. A distributed process control system includes a number of distributed 
processing units (DPUs), each of which controls certain segments of the overall 
process. Typically, the DPUs have digital processors running process control software, 
which generates control signals for the assigned portion of the process in response to 
sensor signals received from that portion of the process and to operator signals. The 
individual DPUs are connected together and to operator consoles by network 
communications. Parameter values generated by any of the DPUs which are needed 
by other DPUs are transmitted over the communications network. 

Typically, the sensor signals generated in the plant are analog or logic 
signals. Each of the DPUs includes analog to digital (A/D) converters which digitize 
the analog signals and store the digital sensor signals. Periodically, the digital 
processor within the DPU retrieves the digitized sensor signals and converts them to 
parameter values for use in control algorithms or for transmission to other ponions of 
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the distributed system via the communications network. Different functions performed 
by the various DPUs have varying requirements for input of updates of the sensor 
values commensurate with that DPU. For instance, some control loops require 
updating the input signals at millisecond intervals, others require tens or hundreds of 
5 milliseconds, and still others only require updating at intervals of a second or more. 
Typically, functions requiring updates at the same rate are grouped in a common DPU. 
The result is that usually, the various DPUs have different requirements for updating 
of the sensor data. 

As process control systems have become more complex, there has 

10 been an increased requirement for simulators for training operators and for simulating 
engineering upgrades in the process control system. Traditionally, plant process 
control simulators have utilized a single computer system which emulates modeling (via 
mathematical software), both the process and the process control system. This has not 
always proven to be satisfactory for distributed process control systems, as it has been 

15 found to be difficult to emulate the real time response of such a system, and to prove 

that the emulated system matches the system it attempts to model. Commonly owned 
U.S. patent application serial number 08/282,854, filed on July 29, 1994, addresses 
this problem by providing a simulator which utilizes actual distributed process units 
from the plant utilizing the real process control software. The process is emulated by 

20 a number of slave simulators, each simulating a portion of the process controlled by 
one or more of the DPUs, but under the control of a master simulator. Instead of 
providing sensor signals to the associated DPUs, the slave simulators of this system 
make the engineering or electrical conversions and insert digital values of the process 
parameters directly into the memory of the digital processors in the DPUs through 

25 direct memory access units. 

While the system described in U.S. patent application serial number 
08/282,854, offers marked benefits over the prior simulator systems which emulated 
both the process and the distributed process control system, there is still room for 
improvement. This earlier system does not take into account the varying control 

30 frequencies of the different DPUs. Therefore, the earlier system time response may 
not be true to the actual plant system response. Also, many plant operators already 
have a computer model of their process, but it is not usable with the multiple slave 
simulators without modification to the modeling software. Furthermore, since the slave 
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simulators inject the parameter values directly into DPU memory as engineering 
values, the conversion routines of the DPU are not exercised, which is an important 
feature for guaranteeing the stimulated simulation matches the actual plant at the I/O 
level interface. 

There is a need, therefore, for an improved simulator for simulating the 
operation of distributed process controls systems. 

Particularly, there is a need for such an improved simulator which better 
simulates the real response time of the distributed process control system. 

There is also a need for such an improved simulator which also exercises 
the conversion routines of the DPUs. 

There is a further need for such an improved simulator which does not 
require extensive modifications to the DPU application software and reuses actual 
system hardware components. 

There is an additional need for such an improved simulator which can 
take advantage of existing computer plant models, especially without extensive 
modification to the plant model computer software. 

SUMMARY OF THE INfVFNTTnN 
These needs and others are satisfied by the invention which is directed 
to a simulator for a distributive process control system which utilizes distributive 
processing units (DPUs) like those of the actual distributed instrumentation and control 
system and implementing actual process control software. Modeling means, such as 
for example, an existing plant modeling computer, emulates the process and generates 
process signals, preferably in the form of sensor signals, in response to control signals 
generated by the DPUs using the actual process control software. The DPUs also 
respond to operator signals generated by an operator console. Communication means 
provide communication between the plurality of DPUs, and between the DPUs and the 
operator console. Stimulation means connected to each of the DPUs and to the 
modeling means transmits the process signals to the DPUs. In accordance with one 
aspect of the invention, the process signals are sensor signals which are mapped to the 
input/output (I/O) of the DPUs which then use their own digital processor to convert 
the sensor signals to parameter values which are used in the actual process control 
routines and/or are transmitted to other portions of the distributed processing system 
via the communications means. 
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As another aspect of the invention, the stimulation means provides the 
process signals, preferably the sensor signals, to the DPUs at the assigned scan 
frequencies of the different DPUs. The modeling means and the stimulation means 
exchange data through a reflective memory. The stimulation means also reads the 
5 control signals generated by the DPUs at the assigned frequency for each DPU and 
maps them to the modeling means through the reflective memory. 

BRIEF DESCRIPTION OF T HE DRAWTNGS 
A full understanding of the invention can be gained from the following 
description of the preferred embodiments when read in conjunction with the 
10 accompanying drawings in which: 

Figure 1 is a block diagram of a stimulated simulator for a distributed 
process control system in accordance with the invention; 

Figures 2A and B provide a more detailed block diagram illustrating the 
interconnection of pertinent components of the simulator of Figure 1 ; 
IS Figure 3 is a block diagram illustrating the components of the stimulated 

distributed processing units which are part of the simulator system of Figures 1 and 2. 

Figure 4 is a block diagram illustrating the components of the simulator 
station which forms part of the simulator system. 

Figures 5 A and B illustrate a flow chart of the simulator control program 
20 run by the simulator station of Figure 4, 

Figure 6 is a block diagram of the main routine run by the simulator 
station of Figure 4. 

Figure 7 is a block diagram of the mapping routines run by the simulator 
station of Figure 4. 

25 PESCRIPTION OF THE PREFERRED EMBQPIMENT 

Figure 1 provides a overall view of the architecture of a simulator 1 for 
a distributed process control system in accordance with the invention. There are three 
basic components to the simulator 1. First, there is the distributed process 
instrumentation and control system 3 which is essentially a repackaged, non-redundant 
30 subset of the actual instrumentation and control equipment used in the plant, the 
operation of which is being simulated. 

The instrumentation and control system 3 includes a plurality of 
distributed processing units (DPUs) 5, each of which controls a portion of the plant 
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process in a manner known to those skilled in the art. In the illustrative system, there 
are twelve DPUs, 5j to , with six housed in each of two cabinets 7. The DPUs are 
connected together by a communications network in the form of a data highway 9, 
The individual DPUs 5 are connected to the data highway 9 by highway interfaces 1 1 . 
The data highway also connects the DPUs to one or more operator stations 13 and to 
an engineer/historian station 15, as well as to other possible workstations comprising 
the I & C system man-machine interface layer. In the exemplary system, the operator 
stations 13 and engineer/historian station 15 are workstations. Peripherals 17, such 
printers, can be provided at these stations for generating hard copy output of system 
performance and for performing other collateral tasks. 

The instrumentation and control system 3 can be, for instance, a 
Westinghouse Distributed Processing Family (WDPF) system. In such a system, the 
data highway 9 is a WESTNET highway which provides deterministic communications 
of real-time data, as well as file-transfer type communications via a democratic token- 
passing protocoL The WESTNET highway 9 is identical to that present in the actual 
plant, with the possible exception that certain isolation features (fiber optic media, etc) 
are not implemented. The workstations 13 and 15 can be Unix workstations 
(WEStations) with peripherals, such as the printers 17, which provide the plant 
computer and man machine interface functionality, and are identical to those which 
would be present in the actual plant except that functionally redundant WEStations may 
not be provided. The WDPF DPUs 5 provide the data acquisition and control 
functions for the instrumentation process control system and are identical in function 
and number to those which are present in the actual plant except again, the DPUs are 
non-redundant and are repackaged to reduce the number of cabinets required in the 
simulator. In addition, the input/output (I/O) boards are not present in the simulator 
DPUs 5 as described below. Each of the DPUs 5 contains identical base and 
application software to that present in the actual plant equipment. While 12 DPUs 
housed in 2 cabinets are illustrated in the exemplary system, other numbers of DPUs 
and configurations can be utilized. 

In the simulator 1, as >vell as in the actual plant, the operator controls 
the process through the operator stations 13. In the simulator, one of the stations can 
be manned by the student and the other by an instructor. The operator signals 
generated at the operator stations 13 are communicated to the DPUs over the data 
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highway 9. The DPUs also exchange data where required over the data highway 9. 
The DPUs 5 receive inputs from the process such as sensor signals and status logic 
signals and use process control software to generate control signals which are provided 
to the process in response to the sensor and status signals, as well as to the operator 
signals. The simulator I operates in a similar manner, except that the process is 
replaced by a process model which is implemented in a plant model computer 19. 
Many plants have simulation systems which include such plant models which are used 
for analyzing plant operation, including postulated abnormal conditions and system 
modifications. The simulator 1 allows the existing plant models in the plant simulator 
to be used for the stimulation of the I & C system interface. The interface between the 
instrumentation and control system 3 and the plant model computer 19 is provided by 
a simulator interface 21 which comprises a workstation 23, such as a WEStation, SBUS 
expansion chassis 25 providing SBUS adaptors connecting the simulator workstation 
with the DPUs 5, and an interface 27 between the simulator workstation 23 and the 
plant model computer 19. As will be described more fully, the interface 27 includes 
a reflective memory interface 29. The simulator workstation 23 is also connected to 
the data highway 9 through highway interface electronics 31. 

Figures 2A and B illustrate in more detail the manner in which the 
simulator interfoce 21 provides communication between the plant model computer 19 
and the DPUs 5 of the instrumentation and control system 3. In the illustrative 
simulator 1, the workstation 23 of the simulator interface 21 is a SUN SPARC 
workstation which utilizes an SBUS architecture. The SBUS expansion chassis 25 
connected to SBUS connections 33 of the workstation provide an SBUS adaptor 35 for 
each of the six DPUs 5 served by the chassis. Each of the DPUs 5^ to 5^^ ^^i^i^ 
MULTraUS architecture. Adapters 37^ to 37^ interface the respective DPUs with 
the simulator workstation 23 through the SBUS adapters 35 in the expansion chassis 
25. The DPUs Sj to 5,, each have a digital processor (MDX board) 39 in which the 

process control software is run. The DPUs also include highway controllers (MHC 
boards) 41 which connect the DPUs to the data highway 9 for communication with the 
other DPUs and with the operator stations 13 and the engineer/historian station IS. 
Each of die DPUs also .include their own power supply 43. 
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The simulator workstation 23 communicates with the plant model 
computer 19 through the reflective memory 29 which resides in both the interface 27 
and the plant model computer 19. The reflective memory 29 in the plant model 
computer 19 and the interface 27 are connected via a fiber optic ring communications 
network 30. As the plant model computer 19 and the reflective memory 27 have VME 
buses, a bus adaptor 45 in the unit 27 and the adaptor 47 in SBUS connection 33 of 
workstation 23 provide the hardware interface for tiie exchange of data and control 
signals. As mentioned in connection with Figure 1, the interface 31 connects the 
simulator workstation 23 with the data highway 9. This is effected through another 
SBUS connection 33. The reflective memory interface 29 between the simulator 
workstation 23 and the plant model computer 19 permit protocol-less data transfer 
between the plant model computer and the instrumentation and control system 3. 

The primary function of the simulator workstation 23 is to map data 
values and status information between the plant model computer 19 and the DPUs 5, 
and also to respond to the simulator control functions such as run/freeze, load/save of 
initial condition sets, snapshot, backtrack, and others. The freeze control function 
permits the simulation to be stopped at any point for review with the student or for 
analysis. The save function stores a set of conditions at a point in the operation of the 
system which can be recalled at a later time. The load function loads the initial 
conditions for a designated save function into the DPUs to start Uie simulation under 
the selected conditions. The snapshot function is similar to the save except that the 
initial conditions are saved on the fly and is transparent to the operator. With the 
backoack function, an instructor can recall a series of snapshots to review student 
performance or progression of plant operation. 

Figure 3 illustrates in more detail the pertinent structure of the DPUs 5. 
The heart of the DPU is Uie MDX board 39 on which is implemented a digital 
processor in the form of a microcomputer having a central processing unit (CPU) 49 
and a data base memory 51. The MDX board 39 also has a memory mapped 
input/output (I/O) interface (DIOB) 53. The DIOB interface 53 contains the analog to 
digital equivalent of analog signals and logic signals typically scanned by I/O cards in 
the actual phmt (not shown). In the stimulated system interface the simulated interface 
populates this memory 53 wiUi the appropriately converted digital values corresponding 
to sensor values received from the plant model computer 19. Periodically, the 
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processor 49 retrieves the digitized sensor signals from the DIOB 53 for use in 
implementing algorithms of the control software^ These algorithms generate control 
signals which are then stored in the DIOB 53 for output to the valves motors and other 
active components of the plant. Of course, in the simulator these components as well 
as the process being controlled are emulated in the plant model computer 19. 

The database memory 5 1 stores the various point values generated by 
the distributed process control software. As mentioned, some of these data points 
generated by some of the DPUs are also used by other DPUs. The interchange of 
these data point values is implemented over the communications network 9 by the 
network controller mounted on the MHC board 41 . The MHC board 41 communicates 
with the MDX board through a proprietary bus 55. 

As also previously mentioned, the various routines run by the DPUs can 
have different I/O and control frequencies. Typically, routines having a common I/O 
frequency are grouped in a single DPU. The I/O frequency determines the rate at 
which the DIOB memory 53 is updated. The control frequencies determine the rate 
at which the CPU 49 reads and writes to the DIOB 53. In accordance with the 
invention, the simulator station 23 maps sensor signal values generated by the plant 
model computer 19 directiy into the DIOB 53 at the I/O frequency of the associated 
DPU 5. This is accomplished by utilizing the MULTIBUS 57 and the interface 37 
which passes signals between the SBUS of the simulator station 23 and the MULTIBUS 
57 of the DPU. Thus, the simulator sution 23 can directly read and write signal data 
to and from the DPU without introducing the latency inherent in communications over 
the data highway 9. This direct interface also allows the simulator station 23 to 
frequency match its communication with the DPUs to the actual system timing 
configuiati<m or input/output scans, control calculations, and so forth. This insures 
that the time response characteristics of the simulator will be identital to those of the 
plant. This direct interface also simplifies the response to simulator control functions 
such as run/freeze, load/save, initial condition sets, sn^shot, backtrack, etc. For 
example, nin/fireeze is controlled by enabling/suspending the DPU I/O scans and 
control tasks. The save function is implemented by transmitting a snapshot of the 
data b ase memory 51 and DIOB memory 53 to the simulator station 23 using an initial 
condition (IC) number as a reference. The load function is implemented by loading 
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the IC set directly into the database memory 51 and the DIOB memory 53. The 
backtrack function is implemented by sequentially transferring IC sets to the DPUs. 

Figure 4 illustrates the pertinent elements of the simulator workstation 
23. The illustrative workstation 23 has a CPU 59 and a random access memory 
(RAM). It also has an internal hard disk 63 for storing IC files and other information. 
The simulator station 23 has an SBUS 65 which is interfaced with the DPUs 5 through 
the SBUS connectors 33 and the SBUS expansion chassis (not shown in Figure 4). The 
simulator station 23 communicates with the plant model computer 19 through reflective 
memory 29 and the SBUS adaptor 27. Also, the simulator station 23 communicates 
over the data highway 9 through the WESTNET highway interface 31 and the SBUS 
connection 33. Thus, simulator station 23 provides a single connection between the 
plant model computer 19 and each of the DPUs 5. This makes it convenient to use 
existing plant model computers 19 in the simulator. 

Figure 5 illustrates a flow chart of the SIM^CONTROL routine 67 run 
by the simulator workstation 23. Upon first being called at 69, initiaUzation tasks are 
performed including setting-up a conflgurabie timer which repetitively recalls the 
routine at the desired rate. Shared memory is also created to manage intertask 
communications within the simulator workstation 23. The control flags from the plant 
model computer are then cleared at 71. This does not include clearing a freeze flag 
if the model were in the freeze state. Other processes run by the simulator workstation 
are also started at 71, (including the SIM MAP tasks described below). 

The routine then waits at 73 for an interrupt generated by the internal 
timer. When the timer times out, the run/freeze flag is checked at 75 and if it is set 
to freeze, the DPUs 5 are frozen at 77. This is accomplished by setting a control bit 
in the DIOB 53 of each of the DPUs. If a save (write) flag is detected at 79, and if 
the initial condition (IC) number is within range, as determined at 81, then the 
simulator workstatim performs a number of functions indicated at 83. This includes 
first stopping the processes created at 71 and freezing the DPUs 5. Then the data 
stored in Uie database memory 51 and the DIOB 53 are saved to files in the simulator 
workstation. Once this is accomplished, the system is returned to the run or freeze 
state it was in prior to the save command and the stopped processes in the simulator 
workstation are continued. If the IC number is not in range, a process error is 
generated at 85 and transmitted to the operator station over the data highway. If the 



wo 97/38362 PCT/US97/05259 

- 10 - 

load (reset) flag is set at 87 and the IC number is within range as determined at 89, 
then the sequence indicated at 91 is initiated. This includes stopping the processes 
created at 71 and freezing the DPUs. The data stored under the selected IC number 
is then loaded into the DIOB memories 53 and database memories 51 of the DPUs 5. 
5 The DPUs are then returned to the run or freeze state existing at the time that a load 
flag was detected, and the stopped processes in the simulated workstation are 
continued. When these steps are completed, the routine returns to 73 and waits for the 
next time interrupt. If the IC number was not in range at 89, a process error indication 
is generated at 93 before the routine returns to 73 to wait for the next interrupt. 

10 Similarly, the routine returns to 73 if no load flag is set at 87. 

Figure 6 illustrates a flow chart of the simulator main routine, 
SIM_MAIN 95. This main routine determines the scan frequencies of the various 
DPUs and separates the data into sorted files based u\. n these scan rates at 97. It then 
spawns off the child processes at 99 including the mapping routine 101 which is shown 

15 in Figure 7. This routine 101 maps data from the plant model computer including the 
sensor signals to the appropriate DPUs at the assigned I/O frequency for each DPU. 
Thus, this routine is repeated for each of the scan frequencies. First, the data structure 
is initialized at 103 by initializing the data points in memory of the simulator station 
23. Periodically, the simulator station 23 broadcasts a timing signal to the 

20 communication interface 9 for synchronization of the distributed system. If the 
broadcast time has been reached at 105, the timing signal is broadcast at 107. In any 
event, the routine gathers data generated by the plant model computer from the 
reflective memory and data from the DPUs at 109. The data from the plant model 
computer is transferred to the appropriate DPUs and vice versa at 111. The routine 

25 then waits at 1 13 for the next cycle based upon the frequency. As mentioned, a similar 
routine is run for each of the assigned DPU frequencies. It will be understood that all 
of the DPUs having the same assigned frequency can be serviced by the same routine. 

The stimulated simulator interface architecture described above offers 
many advantages to emulation of the same functionality and to the distributed process 

30 control simulator described in U.S patent application serial number 08/282,854. One 
of the primary advantages of stimulation over emulation, is that the system is an actual 
representation of the identical process control system used in the plant. Thus, the 
stimulated system incorporates the actual plant to man-machine interface (windows, 
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process diagram displays, alarm lists, system diagnostics and so forth). There is no 
need to emulate this MMI functionality with the accompanying difficulty. The 
stimulated system also provides absolute reusability of the plant process control 
software. There is no doubt that the simulator contains identical functionality to the 
plant; in fact, the simulator can be used as a software test bed for the plant software. 
The stimulated system also matches the actual system, both with respect to the design 
intent as well as unintended features, for example, software bugs. Any problems 
inherent in the actual system will also be present in the simulator, thereby leading to 
earlier detection/diagnosis. The system response is also identical to that of the plant. 

One of the major difficulties in emulation is replication of system response time. This 
difficulty is alleviated in the stimulated system since the system timing characteristic 
is repeated in the interface. All drops (DPUs and operator stations) are running at the 
same frequencies as in the plant. Timing interactions between the distributed drops is 
also identical to the plant by default. 

The cost of the stimulated system is also reduced over emulation. 
Initially, the cost tradeoff for emulation versus stimulation is one of software versus 
hardware. Development of simulation software to emulate the software in the process 
control system can be quite cosUy. In fact, these costs may be greater than that of the 
software in the actual plant, in that the simulator must emulate both applications and 
base operating systems software, whUe only applications software needs to be 
developed for the plant, as the base software is reused from project to project. In 
comparison the reduced hardware set necessary for the stimulated solution results in 
a reasonable initial system cost. The developed architecture removes a large portion 
of the hardware costs associated with the actual plant system by removing the I/O 
hardware and redundancy. On the other hand, the stimulated simulator of the invention 
remains truer to the actual plant timing and validates more of the software than the 
distributed processing simulator of the above-cited patent application, by memory 
mapping process sensor values to the I/O interface of the DPUs so that the DPUs still 
exercise thdr conversion routines. 

Another major advantage of the stimulated simulator of the invention is 
the reduced maintenance and upgrade costs. In an emulated system, upgrade costs 
associated with maintenance of the emulation software can be quite substantial. In a 
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simulated system, there is virtually no maintenance costs associated with software 
upgrades not affecting the plant interface. The system can be upgraded by simply 
reloading the new plant application software. The system of the invention was 
designed with upgradability and maintenance as a design basis. This is accomplished 
5 by isolating the configuration of the interface between the plant model computer and 
the remainder of the instrumentation and control system to the simulator workstation. 
The simulator workstation configuration is via a map file, which simply associates plant 
model computer "points" with instrumentation and control system data points. The 
map file is a text file that describes each point with respect to its data type, direction 

10 of data flow, and offset into reflective memory. The remainder of data about each 
point, such as for instance, scan/frequency, is gleaned on line from the instrumentation 
and control system software itself. The interface is designed to map data at the I/O 
level. In other words, data is mapped according to its sensor units (volts, amps, etc.), 
identical to the plant interface. All data conversions to engineering values, digital 

IS sense inversion, etc., are performed using actual plant software. 

While specific embodiments of the invention have been described in 
detail, it will be appreciated by those skilled in the art that various modifications and 
altemadves to those details could be developed in light of the overall teachings of the 
disclosure. Accordingly, the particular arrangements disclosed are meant to be 

20 illustrative only and not limiting as to the scope of invention which is to be given the 
full breadth of the claims appended and any and all equivalents thereof. 
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What li Clamed is; 

1. A simulator for simulating operation of a process controlled by 
a distributed process control system, said simulator comprising: 

modeling means for modeling said process in response lo control 
signals and for providing sensor signals representative of sensor values of process 
parameters resulting from modeling of said process in response to said control signals; 

a plurality of distributed processing units (DPUs) having 
input/output (I/O) means for receiving and storing said sensor signals and outputting 
said control signals, and digital processing means for converting said sensor signals to 
parameter values and for generating said control signals using actual process control 
software in response to said parameter values and to operator signals; 

an operator console for generation of said operator signals by an 

operator; 

communication means providing communication between said 
plurality of DPUs and between said plurality of said DPUs and said operator console; 
and 

stimulation means connected to each of said DPUs and to said 
modeling means for transmitting said sensor signals from said modeling means to said 
I/O means of said DPUs and for transmitting said control signals from said DPUs to 
said modeling means. 

2. The simulator of Claim 1 wherein said digital processing means 
of each of said DPUs has an assigned scan rate at which said digital processing means 
scans said I/O means for acquiring said sensor signals, and wherein said stimulating 
means has means providing said sensor signals from said modeling means to the I/O 
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means of each of said DPUs at least at said assigned scan rate of the digital processing 
means for the DPU. 

3 . The simulator of Claim 2 wherein said stimulation means includes 
means providing said sensor signals from the modeling means to the I/O means of each 
of said DPUs at a selected multiple of the assigned scan rate of the digital processing 
means of the DPU. 

4. The simulator of Claim 3 wherein said stimulation means includes 
means providing said sensor signals from the modeling means to the I/O means of each 
of said DPUs at said assigned scan rate of the digital processing means for the DPU. 

5. The simulator of Claim 2 wherein said modeling means and said 
stimulation means each include reflective memory means for transmitting said sensor 
signals and control signals between said modeling means and said stimulation means. 

6. The simulator of Claim 2 wherein said stimulation means includes 
means freezing simulation of said process by said modeling means and means 
suspending said transmitting of said sensor signals to said DPUs and freezing 
generation of said control signals by said digital processing means. 

7. A simulator for simulating operation of a process controlled by 
a distributed process control system, said simulator comprising: 

modeling means for modeling said process in response to control 
signals and for providing process signals resulting from modeling of said process in 
response to said control signals; 

plurality of distributed processing units (DPUs) each comprising 
digital processing means having means utilizing said process signals at an assigned rate 
for generating said control signals using actual process control software in response to 
said process signals and to operator signals; 

an cq>erator console for generation of said operator signals by an 

operator; 

communication means providing communication between said 
plurality of DPUs and between said plurality of DPUs and said operator console; and 

stimulation means connected to each of said DPUs and to said 
modeling means for transmitting said process signals from said modeling means to said 
digital processing means of each. DPU at said assigned rate for the digital processing 
means of the DPU. 
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8. The simulator of Claim 7 wherein said stimulation means 
comprises means transmitting said control signals from said DPUs to said modeling 
means at said assigned rate. 

9. The simulator of Claim 7 wherein said stimulation means and 
5 modeling means have reflective memory means for transmitting said process signals 

and control signals between said modeling means and said stimulation means. 

10. The simulator of Claim 9 wherein said DPUs have input/output 
(I/O) means for receiving said process signals, and wherein said stimulation means 
includes means inserting said process signals into said I/O means at said assigned scan 

10 rate for the DPU. 
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